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Evolution and influencing factors of spatial pattern of grain production in
the Yangtze River Delta region

FENG Na-na, ZHANG Zhong-ming, LI Ji-yue, ZHAO Yue-long
(Academy of Agricultural Planning and Engineering, Ministry of Agriculture and Rural Affairs, Beijing 100125, China)

Abstract: The issue of food security in the Yangize River Delta region is becoming increasingly prominent. In order
to explore the main factors affecting grain production, 41 cities in the Yangtze River Delta region were taken as research ob-
jects, and the evolution of regional grain production spatial pattern and its influencing factors were analyzed by using stand-
ard deviation ellipse, gravity center analysis, and spatial Durbin model (SDM). The results showed that the difference of
grain production in the Yangtze River Delta region was increasing gradually, and the overall spatial distribution pattern was
decreasing from northwest to southeast, and further shrinking and clustering to northern Jiangsu and northern Anhui. Re-
gional grain production had significant spatial correlation. Grain production was positively affected by the input of production
factors such as land, machinery and fertilizer, as well as the level of transportation and economic development in adjacent
areas. Also, it was affected by the urbanization rate and Internet broadband access rate of local and adjacent areas. It is sug-
gested that we should break the restriction of administrative region, attach importance to the spatial effect of various factors,
reorganize resources across regions, and realize the complementary advantage of resources in the process of ensuring food

security in the Yangtze River Delta region.
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Fig.1 Spatial pattern of grain production in the Yangtze River Delta in 2011 and 2020
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Table 1 Changes of grain production center of gravity and standard deviation ellipse in the Yangtze River Delta

O AR AR Bl S I i) e T ,

-y i 2 R i} ﬁwﬁ% iﬂﬁ?ﬁ% é{iﬁ fﬁl? 5)

(°E) (°N) (km) %3 rin m
2011 118.426 32.426 - - 296.56 224.29 138.16 2.089
2012 118.446 32.449 3.85 A 296.64 225.25 139.35 2.099
2013 118.444 32.457 1.02 [iiE[4 294.67 225.26 138.55 2.085
2014 118.389 32.515 9.63 [iiE[4 285.89 225.67 135.49 2.027
2015 118.377 32.537 3.21 [L'E[4 286.15 221.01 135.26 1.987
2016 118.368 32.547 1.66 ik 287.22 221.39 136.25 1.998
2017 118.313 32.608 9.91 ik 277.84 220.86 132.82 1.928
2018 118.325 32.617 1.82 Ak 277.77 219.75 133.34 1.917
2019 118.309 32.635 2.97 (B[4 277.19 219.57 133.08 1.912
2020 118.315 32.638 0.78 Ak 278.46 219.45 133.60 1.920
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Table 2

grain production in the Yangtze River Delta

Influencing factors and indicators of spatial pattern of

ik i) TR L et
AT 5 Yield [RAS
FHIFRA Land ﬂ;fé%%ﬁ’ WA G AAE YRR A +
HEh A Labour 55—\ 5530 11 (x10°N) +
LAHUMIFRE  Mechan  AOVHIARES 7 (x10* kW) +
LM AAAERRE Chem  AFLALHERT & (Pralif) (1) +

WA Urban SREAFAEAND GEAELBADORLSE  —/+
Tb bz Indus  TAVHEIME 52304~ BB LS —/+
A IR Access /NI FRAREL X IR (km/ km? ) —/+
WX ZFREKFE  6DP NI M (T N) ~/+
HIRMGTHFAE Net E?ﬁ%lmﬁ%?ﬁf\ﬁﬁ)ﬂﬁﬁﬁ)ﬁ ]+
L)
+ SRR AR PR B IR I e R R — PR A A S e S A
2.1.2 WX GEAZBEARE PRI

Tolk Al A7 B2 K = M X 2 e pk 2 R ey —
RAFAE . SBLAL | Tk Al i K e 2= S EOML £ 2R 7
Pt BB M K B IR 57 3 T S T R TR A
) T A R 55 3 T B e 7, A8 B 22 195 R
HTECARAT LA A0S, AT £ 2 4 A KA AL |
LM, TR ST A A AT LAE BIAR A 3R
Boli b B SFAR B 48 2R 7R ORIl 4
I, RSB AL A Tl AL AN AR op G I A L
R o Sl e AR AR R T AR A R e 5
) AN SE , BB ) T8 e AR SE R D7 19 A IE . I

Ab B 52 0 T 5 B b X 28 B &R K OF g A 5 A
mh, DA RS A2 38 S 28 55 A 8 /K1 %o R B A 7 Y 5
M, FF B PR 77 728 Bl 1 5 Wi O [l AN
22 MRAEGER

AN [F) DX TR R R A 7 LA W I 25 S B
I P b DX R T R B R [ OB RO, Sy
T E M X R A S TR AH DG M, SR 2011-
2020 4F 41 A>T S8 Y AR B 7 B E AT A (A AH DG PE A
B, 25 [RDAH MRS 5630 5 R FH 42 JR) Moran” s T 54K
K46 5%, 42 Ry Moran” s 1 880 HRE AR N .

non

2 2W, (XX ~(X=X)
x | (1)
—2X (X,»—Xi)z

ni=1

I =

g

1

1
W,
1j=1

:Eﬁ':F';Ig fRFE45) Moran” s 1 {H , HYEBOK , FR b
DX ] Y2 T AR DG PR s W A QSRS TRIAS R AR I, ABIF S
PEFH—B Queen SPIZHEFE; X, X RIS iy HuIX
BT i n ACREK = AMIX A 41 AT,

A ML DX A AR 23 [ AH DG | 75 2 e PR A n 25 1)
TR RIIEA T 43 BT o 2 () T Al o] DA 7Y 3 A 4 23
() A E2AR Y (SDM) 23 [T TS B (SLM) FZs [ iR 22
BRI (SEM) , LeSage 45 LR 43 v 7 2 Se Al
SDM, AR AE Wald BISR L (LR ) Kt R 2 W SDM
fie ik Ay SLM 5{ SEM, SDM B2k R .

N N
V,=a 21 Wij Y, +BX, +y 21 Winiz T tv, e, (2)
= i=

AP Y, RS X AR R o R
AR 1Y 2 8] i AR G W 3R S TR ACEL AR



566 H K&k 2% W]

2024 4 5 40 & B3 1

Wi X, 2R 50§ MK ¢ BRE I 00 M G A e A0 it 7E AR A
PSS T AR AN ST B AR LU AR B |
AN AZFACRREE IR AL Tl Ak HHK R 5
Fe AR ACHHIE IR B M L X 2 5 & K-SR 5 B
TR XTI B i i W R By RN A AR
b DX R A e T 2 i DR 8 7 e 1) R M R B BV S
B %6 1 R B s, v, A3 FR R 2S (8] I RIBEN s 6, 3RO
23 (AR 22T, FFABE R A ST 5347

3 (2) R A Al R By =0, H a#0,
MR EPE SLM; WS y+aB =0, W R £ SEM, 55
AN, LeSage %> 15, (i AL Ge i a5 A 5 A6 56
73 ) 34 28007 T R F= A — e Al R ), o T RS
iff b0 55 A8 1 2 (W) 0 AH ELAE D, 75 B — 2D R R S
(&) [l AR (o3 7 o Hte A0 (2) W5 28

Y=(I-aW) el +(I-aW) ' (BX'+BWX') +(I-
aW)'e” (3)

(3T, Y Nx1 PR E iy w1 H
Nx1 BB HE B 1, HICRER R 1A Nx1 [
X' 72 T A R AR B Y VXK B AR 5 ¢ i 8K
Wiy " NIRZEI ; W R 2S A F R

G AL (3) 5 K MRS TAE ¢ B 20 1 D
ST .

_GY] 6Y1_
X, ox,

[GY aY:|_ .m. .M .

ox, oXyl | T |
1k Nk 0y, oY,

LOXy, 09Xy ]

Bk W120k "' Wl/vgk

(1-apy | 20 B W (4)

W.swak szek Bk

A (4) T, B, Rl RS B E AR, B B,
ZANEAB TR A, B A i R A 4k 14 2 ) 3 K
IO, W AE N 2 0 A S ARON
2.3 BHERIE

ARHFFE R FH2011-2020 454 = X 1 7T
I T B3 A 1 TR 41 AT IR0 ) TR A
o BE EEORIE T X RARG 19 I LA W
VLA EBAGTHESE RS i Mg i E %, A
TR AR BRI 2L 52 B AR 7 B HEAT T AN
FETURAL B, A T i Sy 2% o) O B i AR 2

P XA B o AR R A T HRORHEAb BE
3 K A XM B s () A% JR) T AL
ST
3.1 FEHEXMERLE

I GeoDa Hf4:%§2011-2020 4F4K = ff #1IX 42 &)
Moran’s I #7115, IR 3 ATLEN , K=MHIX
2011-2020 M EFE 4 F Moran’ s [ ¥ KT
0. 500, H¥3 L 0. 01 7K 0 R 50, i B4 =
FA S DX AR B A P AP A 25 R s R RN, DA
#E,2011-2020 4F , K =AML IX Moran’ s | BBIRAE
FIri sl fH R R A M 2011 4519 0. 538 1
T3 0. 650, 7 B 3 B sl 1] P X 4 9 AR B AR 72 1 25
[BIAH DGR AR i s, PRI nT W, ZE X = £
i DR A A e AR 1 DL AT A AT R, T B
ISESi-AlE N
#*3 K=/A1KX2011-2020 FREFZELF Moran’s 1

Table 3 Global Moran’s I index of grain production in the Yan-

gtze River Delta region from 2011 to 2020

AEfy Moran’s I E(I) SD z P mean

2011 0.538  -0.025  0.103 5.416  0.001™ -0.020
2012 0.555  -0.025  0.103 5.591  0.001* -0.020
2013 0.553  -0.025  0.103 5.574  0.001* -0.020
2014 0.568  -0.025  0.103 5718 0.001™ -0.020
2015  0.625  -0.025  0.103 6.257  0.001 " -0.020
2016  0.626  -0.025  0.103 6.263  0.001* -0.020
2017  0.639  -0.025  0.103 6.374  0.001™ -0.020
2018  0.657  -0.025  0.103 6.543  0.001 ™ -0.020
2019 0.654  -0.025  0.103 6.512  0.001* -0.020
2020  0.650  -0.025  0.103 6.486  0.001* -0.020
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Table 4 The results of likelihood ratio (LR) and Wald test
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Table 6 Spatial effect decomposition results
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Table 5 Estimation results of spatial Dubin model

A b EY4 P{H Ap i ES 4 PE
Land 1.766™* 0 W - Land -0.560 0.105
InLabour 0.042 0.360 ||W - InLabour -0.015 0.833
InMechan ~ 0.103 0.177 W - InMechan ~ —0.043 0.711
InChem 0700 0 W - InChem -0.135 0.289
Urban -0.008 0.214 ||W - Urban 0.008"  0.048
Indus 0.037 0.892 W - Indus 0.226 0.550
Access 0 0.998 W - Access 0.179*  0.019
InGDP -0.142 0.126 ||W - InGDP 0.308** 0.002
Net 0.141 0.071 W - Net -0.246" 0.014
cons -1.277 0.192 | 0.2927* 0
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